Abstract: Background: Mitral para-prosthetic leaks are rare but major complications of mitral heart valve replacements. When they must be re-operated, they are burdened with high mortality rates. We proposed to review our surgical experience in terms of approach and type of operation carried out.
INTRODUCTION
In Europe, the prevalence of valvular disease in the population comes close to 2.5% and increases with age. More than one in eight persons over 75 years suffers from either moderate or severe valvulopathy [1] . These statistics show that the increased degenerative heart valve disease cases are linked with the increase in life expectancy that has risen since the second half of the 20th century. When significant, valvulopathy can be treated by replacement or reconstruction of the valve (valvular plasty).
Each year, nearly 280 000 prosthesis are implanted over the world [2] . Mitral valvulopathy amounts to around 35% of all cases of valvulopathy found in our countries [3] . Usually, reconstruction is considered by far to be the golden standard of surgical treatments for those patients. When irreparable, mitral valves are replaced by valvular prostheses.
A series of complications can be associated with these mitral prostheses. Among them, we count anticoagulationlinked hemorrhagic and thromboembolic complications [4, 5] , structural deterioration of the prosthesis and, finally, mitral para-prosthetic leak (MPPL) [6] [7] [8] .
-The para-prosthetic leak corresponds to a regurgitation between the prosthetic ring and the ring of the native valve. All matters of importance taken together, they are relatively common: 22-32% after mitral valve replacement (MVR) [7, 9] . The impact of those leaks varies according to their importance. The majority of them don't come with clinical consequences but some might cause them: Leaks of minor importance only have a small hemodynamic impact on patients. They can lead to a hemolysis that sometimes requires to perform repeated blood transfusions thus justifying a reoperation. In the long run, they can induce in those patient, an acute kidney failure.
-Severe leaks have a major hemodynamic impact. They may cause congestive heart failure, thus requiring to be surgically revised [10] . They must be corrected as quickly as possible, as they tend to worsen with time.
We consider that 1 to 2% of MPPL have significant hemodynamic consequences [11] .
It is important to spot and treat para-prosthetic leaks when they may have dire consequences on the patients. The treatment can be done by complete resection of the valve and replacing it with a new prosthesis. When the leak is dim, we can "simply" directly close the paravalvular orifice [12, 13] . Those interventions are technically demanding and have a high mortality rate generally ranging from 3,7% to 22% [14, 15] . The approach to perform the interventions can be a sternotomy or a thoracotomy. The choice of either is usually determined by the approach previously used on the patient.
With this study, we suggest to review our surgical experience in the treatment of mitral para-prosthetic leaks. We will evaluate the morbidity and mortality of these interventions and we will try to identify the risk factors of postoperative mortality. We will examine the influence of the chosen approach as well as the type of operation performed on the morbidity-mortality and on the risk of recurrence of those leaks.
METHODS

Data sources and Search Strategy
We reviewed the literature on Pubmed and Science Direct, using the PICO method with the following keywords: paravalvular leakage, mitral valve periprosthetic leakage, mitral valve replacement, leak repair, early mitral paravalvular leak, late mitral paravalvular leak, morbidity, mortality and location of the leakage.
Methods
This study has been submitted to the ethics committee of Brugmann University Hospital, which issued a favourable review (with reference CE 2016/17). We identified in retrospect every patient that benefited from a surgical treatment of MPPL in the hospital between 1996 and 2016 to gather the following data: demographics, preoperative, intraoperative and postoperative characteristics. Demographics charted the age, body mass index, left ventricular ejection fraction, systolic pulmonary artery pressure, the New York Heart Association class (NYHA), the presence of chronic obstructive pulmonary disease, hypertension, diabetes, atrial fibrillation and chronic renal failure ( Table 1 ). The characteristics of the last MVR included the different types of prosthesis used, the associated procedures, the initial mitral valve disease (rheumatic, degenerative or endocarditis) and the presence of multiple MVR ( Table 2) . Preoperative data included level of lactate dehydrogenase, hemoglobin level, operative indication and presence of endocarditis ( Table 3) . Perioperative data included the time span of the Cardiopulmonary 
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Bypass (CPB), the time span of the aortic cross clamping or ventricular fibrillation, the concomitant procedures and the overall length of the intervention (see Table 4 ). Postoperative data included the length of hospitalisation, Intensive Care Unit (ICU) stay, intubation, inotropic support and drainage, blood loss in 24 hours and in total and the various complications (cardiac, respiratory, acute renal failure, revision for bleeding, recurrence of MPPL and sepsis) experienced by the patients (see Table 5 ). The diagnosis of MPPL was obtained by cardiac ultrasonography. The MPPL was defined as early when detected straight away in postoperative monitoring or in a 30-day delay. After those 30 days, the MPPL is considered as late. This was done to find out if they were present right after the replacement or if they appeared afterwards. The mitral valve annulus was divided into clocklike sections. Locating 12 at the middle of the anterior valve, we identified leaks as anterior when located between 9 and 3, and as posterior when located between 3 and 9. Endocarditis was active when the histological examination of the mitral annulus showed the presence of inflammatory tissue rich in leukocytes. Whenever the results of this examination did not appear in the medical records of the patients, the association of positive blood cultures and presence of echography vegetation's revealed the diagnosis. We categorized active endocarditis between primary and secondary. They were primary if the MPPL diagnosis was obtained after or at the same time as the endocarditis' and secondary if they were diagnosed before. Finally, endocarditis were non active or sequelar on patients whose endocarditis was treated medically or surgically. When they were mentioned in medical records, blood cultures were negative (at least to common germs) at the moment of the diagnosis.
With this data, we compared the deceased and nondeceased sub-groups to identify predictive risk factors. We also evaluated the data according to the approach and the type of operation carried out. The operative indication lies on the identification of a hemolysis causing significant and refractory anemia or on the presence of a hemodynamically significant valve failure for the patient.
Surgical Treatment of the Leakage
Interventions were carried out by the same surgical team.
They were operated under CPB, with aortic clamping or ventricular fibrillation.
They followed a standardised protocol for anaesthesia, CPB monitoring and myocardial protection [16] .
The surgical approach consists of operation through median sternotomy or right thoracotomy. The choice of the approach was as follows: a thoracotomy was preferred in patients who underwent multiple sternotomies or when the surgical act was isolated to the mitral valve whereas a sternotomy was preferred in cases of primo-redo or associated surgical acts such as aortic valve surgery. This strategy had to be adapted for patients who underwent several sternotomies requiring associated surgical acts. During the two decades of the study, surgical technique and myocardial protection in cardiac surgery improved. We divided the period in two decades and compared the mortality between the two periods.
Actually, either a thoracotomy or sternotomy could be chosen according to the number of previous surgeries and the nature of the associated surgical acts. A thoracotomy or a sternotomy could also be performed on patients who underwent a primo-redo with an isolated surgical act.
The surgical treatment of the leak involves of a replacement of the mitral heart valve or leakage repair with U-shaped polyester 2/0 sutures leaning on polytetrafluoroethylene (PTFE) pads. In general, mitral heart valve replacement was preferred when the leaks were numerous or in the presence of an active endocarditis. When leaks were isolated and of small size, we stitched a U-shaped suture leaning on PTFE pads.
In the intraoperative stage, the surgeon documented the degree of calcification of the mitral annulus, the presence of a lesion suspected to be a prosthetic endocarditis and the location of the MPPL on the mitral annulus.
We considered a recurrence of MPPL when it occurred in the follow-up period. It was early if detected in the 30 first days. Afterwards, the recurrence was considered as late. Postoperative mortality includes all the casualties occurring in the 30 day span after the intervention. Overall in-hospital mortality was defined as death within 30 days of surgery or during the same hospital admission.
Statistical Analysis
The statistical analyses were carried out with the SPSS software (SPSS Inc v.23, Chicago, IL). A KolomogorovSmirnov test was carried out to check the normality of the distribution of continuous variables. Comparisons between continuous variables were performed using the Student t-test or the Mann-Whitney U test. A Fisher test was carried out to compare the qualitative variables. A p-value of less than 0,05 was considered statistically significant.
RESULTS
This retrospective study focused on 34 patients. The average age of patients was 53,3 years (± 13,8). Postoperative mortality was 11.7% and the overall in-hospital mortality was 18%. Six patients died in total. Two died in the few hours following surgery: one underwent a non-reducible ventricular tachycardia evolving into a ventricular fibrillation (second surgery) and the other one died in the MOF caused by a massive haemorrhage (sixth surgery). One patient presented myocardial failure on irreversible pulmonary arterial hypertension (third surgery) at day 4. Another one died in the MOF induced by recurrence of MPPL (fourth operation) at day 19. Finally, two patients died in sepsis (third surgery for both) at days 37 and 43. We retrospectively performed a Euroscore II in all the patients ( Table 1 ). The mean value was 5,5%. On average, the Euroscore II was higher in the deceased population compared to the non-deceased, but this result failed to reach statistical significance (p=0,08).
A patient's surgery failed since the intervention couldn't lead to the surgical paravalvular cleaning due to the lack of access allowing the placement on femoral to femoral artery bypass. It was then the fourth reopening of the chest wall and only a thoracic approach under safety CPB was conceivable.
The demographics of the general population, as well as those of the deceased and non-deceased sub-groups are presented in Table 1 . The comparative mortality between the first and the second decade was of 18.7% and 16.6% (p=0.99), respectively.
Among all the demographic data taken into account, none was predicitive about the mortality rate of the patients.
The characteristics of the last MVR of the general population and the deceased and non-deceased sub-groups are charted in Table 2 . Deceased and non-deceased patients present the same characteristics of the last MVR.
The preoperative data of the general population as well as that of the deceased and non-deceased patients are charted in Table 3 . Deceased patients present a higher incidence of endocarditis and a higher value of lactate dehydrogenase.
The perioperative data of the general population as well as that of the deceased and non-deceased patients are presented in Table 4 . Deceased patients presented a higher CPB, ACC and overall length of the intervention time as compared to non-deceased patients.
The postoperative data of the general population as well as that of the deceased and non-deceased patients are charted in Table 5 . Deceased patients present a higher length of inotropic support, cardiac complications and acute renal failure incidence. Sepsis tends to be more frequent in the deceased patients.
The average interval time between the last MVR and the diagnosis of the MPPL is close to 10 years (118 months) with a maximal interval of 30 years. We observe that 23,5% of the MPPL have been diagnosed in the first year after MVR. The cumulative incidence of the time of appearance of MPPL is illustrated in Fig. (1) .
The number of early (30 days) MPPL after the last MVR is 7 (21%). 5 of them (72%) are anterior, one (14%) is posterior and one (14%) is found on multiple areas of both anterior and posterior sections of the annulus. They result in one case (14%) in the presence of symptoms of heart failure, in 5 cases (72%) in the presence of hemolytic anemia, and in one case (14%), with a combination of both.
We registered 27 cases of late MPPL after the last MVR (79%). 6 of them (22%) were anterior, 13 (48%) were posterior and 6 (22%) involved both anterior and posterior sections of the annulus. The examination of medical records failed to locate 2 leaks. They resulted in 11 cases (41%) in the presence of symptoms of heart failure, 5 cases (18%) in the presence of hemolytic anemia and 11 cases (41%) with a combination of both.
Data of patients who benefited from a direct repair versus from a MVR are charted in Table 6 .
The data of the patients according to the approach chosen are presented in Table 7 .
Every patient who underwent a thoracotomy got a ventricular fibrillation. Likewise, all the patients who have undergone sternotomy benefited from myocardial protection with induced cardioplegia.
Among the patients that have undergone a thoracotomy, 4 of them (31%) received associated surgical acts. For two of them, it consisted in a second redo, while for the other two, it was the third. Among the patients who underwent sternotomy, we observed that 5 of them (25%) received associated surgical acts. Among them, one patient got an aortic and tricuspid valve replacement and 4 others did not get concomitant procedures.
For a second redo, we noted that sternotomy or thoracotomy could be performed independently of any associated surgical act. After the second redo, the approach has exclusively been performed through a thoracotomy.
An MPPL recurrence was observed on 11 patients (33%). As previously seen, the recurrence rate stayed the same whatever the approach and treatment were performed (see Tables 6 and 7) . Endocarditis, either active or not, did not account as predicative factors of recurrence. The patients who underwent several redos did not present a higher risk than those who underwent a first redo. Among 11 cases of recurrence, 7 (64%) happened along the postoperative follow-up and 4 (36%) appeared after a while, between 1 and 6 years later. Moreover, 4 (36%) required a reintervention. 3 of them belonged to the belated leakage category. 
DISCUSSION
The postoperative mortality after surgical treatment of the MPPL was 11,7%. In the reviewed literature, the mortality rate was variable and usually fluctuated from 3.7% to 22%. For example, Jindani et al. reported a mortality rate similar to ours [14] . Even though it was predictable, we noticed that among our patients, the presence of active or inactive endocarditis was a predictive factor of mortality. Indeed, endocarditis is an established risk of post-operative mortality in mitral valve surgery [17] . This is why several previous studies investigating postoperative outcome after the surgical correction of paraprosthetic leaks excluded patients with active endocarditis [15, 18, 19] . They, therefore, obtained better results on mortality. Surgery for active infective prosthetic valve endocarditis continues to be challenging and can lead to an overall in-hospital mortality of 28.4 % [20] . Thus, it is clear that the high rate of endocarditis observed in our patients explains the high mortality rate we noted.
We noted that high level of lactate dehydrogenase (LDH) was highly predictive of the mortality risk. Hemolysis, which is one of the causes that could explain the increase of LDH is not however, more common in deceased patients. We can conclude that high levels of LDH in the deceased population mean something other than hemolysis. All the deceased patients presented cardiac complications -mainly that of low output -and 50% suffered from acute renal failure due to this low cardiac output. The increase in LDH in these patients thus surely reflects the general hemodynamic, and especially hepatic, consequences of the cardiac pathology. These patients therefore suffered from a significantly higher cardiac decompensation. It is interesting to note that LDH has never been studied as a predictive factor of mortality in cardiac surgery.
Patients included at the beginning of our study did not have a systematic measurement of the troponins, at that time, hence the predictive value of mortality was not calculated. In cardiac surgery patients, several studies have described the kinetics of cardiac troponin elevation in the plasma. It has been shown that cardiac surgery per se induces an increase in the plasma level of cardiac troponins, even in the absence of ischemic myocardial damage and would be the result of a cardiac surgical trauma [21] . However, several studies suggest that an increased postoperative troponin release post cardiac surgery can be associated with mortality [22] . As for the BNP, unfortunately, this is not refunded in our country. They are not systematically carried out, far from it, and it is impossible for us to collect them in our patients.
The NYHA class, which is a classic risk factor of mortality in cardiac surgery, is high in all our patients. Thus, it cannot be considered as discriminatory any longer.
The mean value of the Euroscore II was 5,5%. This predicted operative mortality is lower than the mortality rate we observed. This might be due to the fact that this score does not take into account the number of previous surgeries performed on the patients. As mentioned previously, all of our deceased patients have experienced multiple surgeries beforehand.
We observed a longer ACC and CPB in the deceased patients. The duration of ACC and CPB is directly related to the complexity of the procedure and its heaviness. This heaviness seems to be correlated with the presence of endocarditis. Three out of four patients who died within 30 days of the procedure had endocarditis. It is obvious that in the presence of an infection, the mitral valve is systematically replaced and the mitral ring must be debrided and eventually thoroughly reconstructed.
We wished to distinguish two types of leaks according to the time of their appearance:
-Early leaks are those we imputed to the surgery and which are often present from the intervention. They are generally minor [23] and tend to heal with time [7, 9] . According to our experiment, we noticed that early leaks mostly cause anemia. They are indeed highly hemolysing. First, because the valve annulus is not yet endothelialised in the days following the operation and, secondly, because they are generally of a small caliber with a larger pressure gradient and high velocity. All have been treated with direct surgical sutures. It is also interesting to note that 72% of the early leaks happen in the anterior section of the mitral annulus. This area carries thus a higher risk of perioperative problems. One of the possible explanation comes from the fact that the visibility of this area is less clear during the surgical approach of the heart valve and thus becomes a technical difficulty when implanting the prosthesis [15] . Those technical difficulties can thus cause the MPPLs, which will then appear during the intervention or right after.
-Late leaks are those that can occur several years later. Their etiology is the endocarditis as well as dehiscence on a poor valve healing that we can encounter, for example, in multiple cases of redos of MVR. Even though this case was not considered in this study, the use of a Silzone type prosthesis (St Jude Medical) also constituted a contributing factor. Those finned valves, available in the market from 1997 to 2000, included a valvular annulus on which a metallic silver deposit bonded. Silver nanoparticules have increased antibacterial properties due to their crystalline structure and their small volume-surface ratio. They also have a cytotoxic effect, notably on fibroblasts [24] . These prostheses were, therefore, used to reduce the incidence of infections to the maximum but also to fight the pannus development. However, some studies have proved that there was a higher risk to develop MPPLs with this type of prostheses because of their inhibitory effect on fibroblastic growth that would then alter the healing [25] . Our study reveals that 93% of the posterior leaks appear after a while. It is therefore true that in the long term, this area is at risk of developing a MPPL. Kunzelman et al. report that the distribution of collagen fibers around the mitral annulus is not consistent both quantitatively and qualitatively. The central layer of the annulus consists of dense collagen fibers; the fibrosa, which is thinner in the posterior area. This indicates that the anterior leaflet could better resist traction forces [26] . As far as we know, there is no study in the existing literature analysing the delay in the occurrence of MPPL with its Therefore, timeframes are rather fluctuant. Our high average interval can be explained by the fact that many of our patients are referred from abroad. The date of the diagnosis may thus have been delayed. Moreover, the patients did not always benefit from a regular ultrasound follow-up after the last MVR because of the limited access to health care.
Another interesting observation concerns the approach used in the surgical treatment of the MPPL. It turns out that it is mainly the number of redo that influences the choice between a sternotomy and a thoracotomy. Thoracotomy is preferred in cases of multi-redo to avoid sternal adhesions that may have formed, especially with the aorta. This approach is usually more complex but it reduces the risks in patients treated by redo valve surgery. It has been shown that this technique has multiple advantages such as less postoperative bleeding, reduced need for blood transfusion and the absence of sternal wound infection [29] .
We observe no difference in the incidence of complications or of mortality between those two groups. The strategy adopted therefore seems to be the good one. Furthermore, we noticed that the approach does not modify the strategy of the treatment of the leakage. Miura et al. recently compared these types of approaches with patients benefitting from a mitral and/or tricuspid valve surgery and who underwent one or several sternotomies in the past. They did not note any difference in the postoperative morbidity-mortality either [30] . Sharony et al. also made the comparison but, this time, on patients benefitting from a redo with only one surgical act (aortic or mitral). They showed a comparable hospital mortality, CPB and aortic clamp time between the two groups. In addition, they demonstrated fewer wound complications, less blood transfusion requirements and shorter hospital stays for patients who underwent thoracotomy [31] .
The incidence of complications and mortality rate were also identical according to the type of surgical treatment. We noted that we tend to favour sutures when the leaks are isolated, early and anterior. However, we tend to perform MVR to treat primary active endocarditis. This operative strategy, more aggressive on those patients, allows us to reduce the incidence of complications and mortality that is normally higher in active endocarditis. Abdel-Hady et al. report a morbidity-mortality rate higher for patients who underwent MVR. However, this study includes only anterior and isolated leaks of small caliber [12] .
The recurrence rate of MPPL all along the follow-up period is 33%. We notice that it is neither influenced by the approach nor by the type of surgical treatment performed. In a similar manner to Genoni et al. no recurrence risk factor could be identified. They report a recurrence rate of 22% [28] . As seen previously, 36% required a surgical revision. Those reinterventions mainly concerned late recurrences (75% of the cases). Early recurrences indeed rarely (14% of the cases) led to a significant hemolytic anemia or to a hemodynamically substantial valvular failure for the patient that would have justified a revision surgery.
Our study is subject to the classic limitations of a retrospective study (discontinuation of the follow-up, unavailability of certain data, etc). Our sample group was relatively small and heterogeneous. Due to the small number of patients in our study, we could not proceed to a multivariate regression analysis taking into account the predictive factors of mortality. Another limitation concerns the length of the period that is taken into account (from 1996 until 2016). Hence some results like the length of the hospitalisation and ICU stay may not be up-to-date in comparison with current values.
CONCLUSION
Surgical treatment of mitral para-prosthetic leaks is heavy and burdened with a high mortality rate. There are few predictive factors of mortality. The only identified factors are the presence of endocarditis and an increase in lactate dehydrogenase in deceased patients, which attest the hemodynamic instability induced by the pathology. Furthermore, the quality of the results is highly linked to the strategy we can adopt regarding the approach and the type of surgical treatment. This strategy must be evaluated individually for each MPPL according to the number of redo and associated surgical acts as well as its characteristics. 
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